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[Document Name] Scope of Claims 
[Scope of Claims] 
[Claim 1] 

A light-emitting element comprising, between a first electrode and a second 
electrode, a first layer containing a light-emitting material, a second layer containing 
an organic compound and an electron-supplying material, a third layer including a 
transparent conductive film, and a fourth layer containing a hole-transporting medium, 

wherein the first layer containing the light-emitting material, the second layer 
containing the organic compound and an electron-supplying material, the third layer 
including the transparent conductive film, the fourth layer functioning as the 
hole-transporting medium, and the second electrode are provided sequentially, and 

wherein the second electrode has a layer containing metal. 
[Claim 2] 

A light-emitting element comprising, between a first electrode and a second 
electrode comprising a metal, a first layer containing a light-emitting material, a 
second layer containing an organic compound and an electron-supplying material, a 
third layer including a transparent conductive film, and a fourth layer containing a 
hole-transporting medium, 

wherein the first layer containing the light-emitting material, the second layer 
containing the organic compound and an electron-supplying material, the third layer 
including the transparent conductive film, the fourth layer functioning as the 
hole-transporting medium, and the second electrode are provided sequentially, 
[Claim 3] 

The light-emitting element according to claim 1 or 2, wherein the metal is 
aluminum, silver, an alloy containing aluminum, or an alloy containing silver. 
[Claim 4] 

The light-emitting element according to any of claims 1 to 3, the second layer 
further includes a metal oxide. 
[Claim 5] 

The light-emitting element according to any of claims 1 to 4, the transparent 
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conductive film is any one of indium tin oxide, indium tin oxide containing silicon 
oxide, zinc oxide, indium oxide containing zinc oxide by 2% to 20%, zinc oxide 
containing gallium, tin oxide, and indium oxide. 
[Claim 6] 

The light-emitting element according to any of claims 1 to 5, 

wherein the organic compound contained in the second layer is an organic 

compound which shows an electron-transporting property. 

[Claim 7] 

The light-emitting element according to any of claims 1 to 5, 

wherein the organic compound contained in the second layer is a metal 

complex having a ligand including a ^-conjugated skeleton. 

[Claim 8] 

The light-emitting element according to any of claims 1 to 7, 

wherein the electron-supplying material is alkaline metal, alkaline earth metal, 

or rare-earth metal 

[Claim 9] 

The light-emitting element according to any of claims 1 to 7 ? 

wherein the electron-supplying material is one or more metals selected from a 
group consisting of Li, Cs, Mg ? Ca, Ba, Er, and Yb. 
[Claim 10] 

The light-emitting element according to any of claims 1 or 9, 

wherein the fourth layer is a layer containing a material having a acceptor 

level. 

[Claim 11] 

The light-emitting element according to any of claims 1 or 10, 

wherein the fourth layer is a layer containing a hole4ransporting material 

including an inorganic compound. 

[Claim 12] 

The light-emitting element according to claim 11, 

wherein the hole-transporting material including the inorganic compound is 
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one or more compounds selected from a group consisting of vanadium oxide, 
chromium oxide, molybdenum oxide, cobalt oxide, and nickel oxide. 
[Claim 13] 

The light-emitting element according to any of claims 1 to 9, 

wherein the fourth layer is a layer containing a hole-transporting material 

including an organic compound. 

[Claim 14] 

The light-emitting element according to claim 13, 

wherein the hole-transporting material is an organic compound having an 
aromatic amine skeleton. 
[Claim 15] 

The light-emitting element according to any of claims 1 to 9, 

wherein the fourth layer is a layer containing a material in which an 

electron-accepting material is doped to an organic compound. 

[Claim 16] 

The light-emitting element according to claim 15, 
[Claim 17] 

The light-emitting element according to claim 16> 

wherein the hole-transporting material is an organic compound having an 
aromatic amine skeleton. 
[Claim 18] 

The fight-emitting element according to any of claims 15 to 17, 
wherein the electron-accepting material is metal oxide. 
[Claim 19] 

The light-emitting element according to any of claims 15 to 17, 

wherein the electron-accepting material is one or more compounds selected 

from a group consisting of molybdenum oxide, vanadium oxide, and rhenium oxide. 

[Claim 20] 

A light-emitting device comprising a light-emitting element, 

wherein the light-emitting element comprises, between a first electrode and a 
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second electrode, a first layer containing a light-emitting material, a second layer 
containing an organic compound and an electron-supplying material, a third layer 
including a transparent conductive film, and a fourth layer containing a 
hole- transporting medium, 

wherein the first layer containing the light-emitting material, the second layer 
containing the organic compound and an electron-supplying material, the third layer 
including the transparent conductive film, the fourth layer functioning as the 
hole-transporting medium, and the second electrode are provided sequentially, and 

wherein the second electrode has a layer containing metal 
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[Document Name] Specification 

[Title of the Invention] LIGHT-EMITTING ELEMENT AND LIGHT-EMITTING 

DEVICE 

[Technical Field] 
[0001] 

The present invention relates to a light-emitting element having a pair of 
electrodes and a layer containing an organic compound capable of emitting light by 
applying an electric field thereto. The invention further relates to a light-emitting 
device having such a light-emitting element, 
[Background Art] 

[0002] 

A light-emitting element using a light-emitting material has advantages of 
thinness and lightweight, high-speed response, DC low-voltage drive, and the like and 
is expected to be applied to a next-generation flat panel display. In addition, it is said 
that a light-emitting device having light-emitting elements disposed in matrix is 
superior to a conventional liquid crystal display device in a wide viewing angle and 
high visibility. 

[0003] 

A light-emitting element is said to have the following light-emission 
mechanism: voltage is applied to a light-emitting layer sandwiched between a pair of 
electrodes, electrons injected from a second electrode and holes injected from a first 
electrode are recombined in a light-emission center of the light-emitting layer to form 
molecular excitons, and then light is emitted by releasing energy when the molecular 
exciton returns to the ground state. A singlet excited state and a triplet excited state 
are each known as the excited state and the light emission is considered possible via 
any one of the excited states. 

[0004] 

In order to enhance the characteristic of such a light-emitting element, the 
improvement of the element structure, the development of the material, or the like is 
performed. 
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[0005] 

For example, a method in which an optical length L from a light-emitting 
portion to a reflective electrode is controlled by sandwiching ITO between the 
light-emitting portion and a reflective metal is given as a means for increasing the 
external quantum efficiency without deteriorating the luminance by controlling the 
distance from the light-emitting region to the reflective metal (see, for example, Patent 
Reference 1) 

[Patent Reference 1] Japanese Patent Application Laid-Open No,: 
2003-272855 
[0006] 

FIG 2 schematically shows an element structure disclosed in Patent Reference 
1. In this structure, a transparent electrode 201, a light-emitting portion 202, a 
transparent conductive film 203, and a metal electrode 204 are stacked. By adjusting 
the thickness of the transparent conductive film 203, the optical length L from the 
light-emitting portion to the metal electrode is optimized to increase the external 
quantum efficiency. 

[0007] 

However, according to the structure disclosed in Patent Reference 1 5 since the 
transparent conductive film 203 and the reflective metal (metal electrode) 204 are in 
contact, there is a problem of erosion due to a difference in their self-potential (see, for 
example, Patent Reference 2), Reference 2 describes the self-potential measured 
using a sodium chloride solution of 3,5% (liquid temperature of 27°C) and using 
silver/silver-chloride as a reference electrode. Under these conditions, the 
self-potential of aluminum known as metal having high reflectivity is approximately 
-1550 mV, while that of ITO serving as a transparent conductive film (In 2 03 containing 
SnO;? by I0wt%) is approximately -1000 mV Thus, the difference between these 
self-potentials of aluminum and ITO is large. Therefore, it is very likely that 
oxidation-reduction reaction progresses at a stacked interface between aluminum and 
ITO, which highly results in electric erosion, 

[Patent Reference 2] Japanese Patent Application Laid-Open No,: 
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2003-89864). 

[00083 

The self-potential is potential of a reaction to a reference electrode when the 
reaction is soaked in a certain solution in such a state that current is not applied from 
outside, that is, potential in a closed loop and is also referred to as resting potential 
[Disclosure of Invention] 

[0009] 

In view of the above problems, it is an object of the present invention to 
provide a light-emitting element having a layer containing a light-emitting material 
and a transparent conductive film between a pair of electrodes, in which electric 
erosion of the transparent conductive film and metal can be prevented. Moreover, it 
is an object of the invention to provide a light-emitting device using the light-emitting 
element, 

[Objective to be Solved by Invention] 
[0010] 

According to one structure of a light-emitting element according to the 
invention to solve the above problems, the light-emitting element includes a first layer 
containing a light-emitting material, a second layer containing an organic compound 
and an electron-supplying materia!, a third layer including a transparent conductive 
film, and a fourth layer containing a hole-transporting medium between a first 
electrode and a second electrode, in which the first layer containing a light-emitting 
material, the second layer containing an organic compound and an electron-supplying 
material, the third layer including a transparent conductive film, the fourth layer 
containing a hole- transporting medium, and the second electrode are provided 
sequentially, in which the second electrode has a layer containing metal. 

[0011] 

According to another structure of a light-emitting element according to the 
invention to solve the above problems, the light-emitting element includes a first layer 
containing a light-emitting material, a second layer containing an organic compound 
and an electron-supplying material, a third layer including a transparent conductive 
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film, and a fourth layer containing a hole-transporting medium between a first 
electrode and a second electrode including a metal, in which the first layer containing a 
light-emitting material, the second layer containing an organic compound and an 
electron-supplying material, the third layer including a transparent conductive film;, the 
fourth layer containing a hole-transporting medium, and the second electrode are 
provided sequentially. 
[0012] 

According to another structure of a light-emitting element according to the 
invention to solve the above problems, a light-emitting device using the light-emitting 
element includes a first layer containing a light-emitting material, a second layer 
containing a material having a donor level, a third layer including a transparent 
conductive film, and a fourth layer containing a hole-transporting medium between a 
first electrode and a second electrode, in which the first layer containing a 
light-emitting material, the second layer containing a material having a donor level, the 
third layer including a transparent conductive film, the fourth layer containing a 
hole- transporting medium, and the second electrode are provided sequentially, in 
which the second electrode has a layer containing a metal. 

[0013] 

According to another structure of a light-emitting element according to the 
invention to solve the above problems, the light-emitting element includes a first layer 
containing a light-emitting material, a second layer containing an organic compound 
and an electron- supplying material, a third layer including a transparent conductive 
film, and a fourth layer containing a hole-transporting medium between a first 
electrode and a second electrode, in which the first layer containing a light-emitting 
material, the second layer containing the organic compound and the electron-supplying 
material, the third layer including a transparent conductive film, the fourth layer 
containing a hole-transporting medium, and the second electrode are provided 
sequentially, in which the second electrode has a layer containing a metal* 

[0014] 

In the above structure, each of the second layer containing an organic 
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compound and an electron-supplying material and the fourth layer containing a 
hole-transporting medium may be formed in either a single- layer structure or a 
multilayer structure where a plurality of layers is stacked. Here, the organic 
compound is preferably an organic compound having electron transportability and 5 
particularly a metal complex having a ligand including a ^-conjugated skeleton. The 
electron-supplying material is preferably alkaline metal, alkaline earth metal, or 
rare-earth metal. 
[0015] 

In the above structure, the second electrode may be formed with a reflective 
metal in a single-layer structure or may be formed by stacking a reflective metal and 
another electrode material. 
[Effect of the Invention] 

[0016] 

With the structure of the invention, a metal and a transparent conductive film 
are not in direct contact; therefore, the electric erosion due to the difference in the 
self-potentials or the like can be prevented. 
[Best Mode for Carrying Out the Invention] 

[0017] 

Embodiment Mode and Embodiments of the present invention are hereinafter 
described with reference to the drawings. However, the invention is not limited to the 
following description. It is to be understood by those skilled in the art that the modes 
and details of the invention can be changed and modified without departing from the 
scope of the invention. Therefore, the invention is not limited to the description of 
the following Embodiment Mode and Embodiments, 

[0018] 
(Embodiment Mode 1) 

FIG. 1 schematically shows an element structure of a light-emitting element in 
the present invention. In the light-emitting element of the invention, a first layer 102, 
a second layer 103, a third layer 104, and a fourth layer 105 are provided between a 
first electrode 101 and a second electrode 106 in order from the first electrode 101 
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toward the second electrode 106. 
[0019] 

In this embodiment mode, the second electrode 106 is formed with metal, and 
light emitted from the first layer 102 is extracted from the first electrode side. Light 
can be emitted by applying higher potential to the first electrode 101 than that of the 
second electrode 106. 

[0020] 

The first electrode 101 is preferably formed with a light-transmitting material, 
specifically indium tin oxide (ITO), indium tin oxide containing silicon oxide (ITSO), 
zinc oxide (ZnO), indium oxide containing zinc oxide by 2% to 20% (IZO), zinc oxide 
containing gallium (GZO), tin oxide (Sn0 2 )> indium oxide (fr^Cb), or the like. 

[0021] 

The first layer 102 is a layer containing a light-emitting material and is 
formed with a known material The first layer 102 may be formed in either a 
single-layer structure or a multilayer structure. For example, not only the 
light-emitting layer but also each of a functional layer such as an electron-injecting 
layer, an electron-transporting layer, a hole-blocking layer, a hole-transporting layer, a 
hole-injecting layer, or the like may be freely combined and provided as the first layer 
102. Moreover, a mixed layer or mixed junction in which each of these layers is 
mixed may be formed. The layer structure of the light-emitting layer is changeable. 
Such modification as providing an electrode for the electron injection and dispersing a 
light-emitting material instead of providing a specific electron-injecting layer and an 
emission region is allowable within the scope of the invention. 

[0022] 

The second layer 103 contains a material having a donor level. Specifically, 
it is sufficient that the second layer 103 consists of or contains an n-type 
semiconductor such as zinc oxide, tin oxide, titanium oxide, zinc sulfide, zinc selenide, 
or zinc telluride. Alternatively, the second layer 103 may have a structure doped with 
an electron-supplying material to an organic compound. The organic compound here 
is preferably an electron- transporting material such as 
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2-(4-biphenyIyl)-5""(4-tert-butylphenyl)-l,3 > 4-oxadiazole (abbreviated to PBD), 
OXD-7, TAZ, p-EtTAZ, BPhen, or BCP. Besides, a metal complex having a 
quinoline skeleton or benzoquinoline skeleton in which the drive voltage has been 
conventionally increased, such as AIq3, tris(4"metyl-8-quinoIinolato)aluminum 
(abbreviated to Almq3) 5 or bis(10-hydroxybenzo[h]-quinolinato)beryllium (abbreviated 
to BeBqaX or bis(2"metyl"8«quinolinolato)»4»phenylphenolato-aluminum (abbreviated 
to BAlq) is given. On the other hand, the electron-supplying material is, for example, 
alkali metal such as Li or Cs, Mg, alkali-earth metal such as Ca, Sr, or Ba, or rare-earth 
metal such as Er or Yb. In addition, an organic compound such as tetrathiafulvalene 
or tetramethylthiaflilvalene which shows electron-supplying property to Akfc. 
Moreover, metal oxide such as molybdenum oxide, vanadium oxide, rhenium oxide, 
zinc oxide, tin oxide, or titanium oxide may be mixed in a structure in which an 
electron-supplying material is doped into an organic compound. 
[0023] 

A layer containing a plurality of materials such as the layer including the 
material doped with an electron-supplying material to an organic compound can be 
formed by depositing each material simultaneously. The layer containing a plurality 
of materials is desirably formed by combining the same kinds of methods or the 
different kinds of methods such as a co-evaporation method with resistance heating 
evaporation methods, a co-evaporation method with electron beam evaporation 
methods, a co-evaporation method with a resistance heating evaporation method and 
an electron beam evaporation method, deposition with a resistance heating evaporation 
method and a sputtering method, or deposition with an electron beam evaporation 
method and a sputtering method. In addition, although a layer containing two kinds 
of materials are assumed in the above examples, the layer containing a plurality of 
materials can be similarly formed in the case of containing three or more kinds of 
materials. 

[0024] 

The third layer 104 has light-transmitting properties and contains a 
carrier- generating material Specifically, a transparent conductive film such as 
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indium tin oxide (ITO), indium tin oxide containing silicon oxide (ITSO), zinc oxide 
(ZnO), indium oxide containing zinc oxide by 2% to 20% (IZO), zinc oxide containing 
gallium (GZO), tin oxide (Sn0 2 ), indium oxide (ln 2 0 3 ) s and the like. 
[0025] 

The fourth layer 105 contains a hole4ransporting medium. The 
hole-transporting medium is, for example, a hole-transporting material containing an 
organic compound, a material doped with an electron-receiving material to an organic 
compound, or a hole-transporting material containing an inorganic compound. The 
fourth layer 105 can be formed with these hole-transporting mediums, and it is 
preferable to use a material having an acceptor level for generating holes, that is, a 
material doped with an electron-receiving material to an organic compound or a 
hole-transporting material containing an inorganic compound, 

[0026] 

When the fourth layer contains a hole-transporting material containing an 
organic compound, the hole-transporting material to be used is preferably a material 
having an aromatic-amme skeleton (that is, a compound having a bond of a benzene 
ring-nitrogen). For example, the following material is widely used: 
N,N > »bis(3"-metylphenyI)-N ? N ? -diphenyl-[l,P~biphenyl]-4,4 , -diamine (abbreviated to 
TPD), a derivative thereof such as 4,4'-bis[N-(l-naphtyl)™N»phenyl-amino]-biphenyl 
(abbreviated to a-NPD), or a starburst aromatic amine compound such as 
4 3 4 ? ? 4 J ^tris(N-carbazoIyl)-triphenylamme (abbreviated to TCTA), 

4,4 5 ? 4'^tris(N,N-diphenyl-amino)-triphenylamine (abbreviated to TDATA), or 
4 ? 4\4 , Mris[(N-(3-methylphenyl)-N-phenyl-amino]triphenylamine (abbreviated to 
MTDATA), 

[0027] 

Moreover, when the fourth layer 105 has a structure doped with a material 
having electron-receiving properties to an organic compound, the organic compound to 
be used is preferably a hole- transporting material, and a material having an 
aromatic-amine skeleton is preferred. For example, in addition to TPD, a-NPD 
(derivative of TPD) or a starburst aromatic amine compound such as TDATA or 
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MTDATA is given. On the other hand, for example, metal oxide having 
electron-receiving properties to a~NPD, such as molybdenum oxide, vanadium oxide, 
or rhenium oxide is given as the electron-receiving material Moreover, another 
organic compound having electron-receiving properties to ot-NPD such as 
tetracyanoquinodimethane (abbreviated to TCNQ) or 2,3-dicyanonaphthoquinone 
(abbreviated to DCNNQ) may also be used. 
[0028] 

A layer containing a plurality of materials such as the structure including the 
material doped with an electron-receiving material to an organic compound can be 
formed by depositing each material simultaneously. The layer containing a plurality 
of materials is desirably formed by combining the same kinds of methods or the 
different kinds of methods such as a co-evaporation method with resistance heating 
evaporation methods, a co-evaporation method with electron beam evaporation 
methods, a co-evaporation method with a resistance heating evaporation method and 
an electron beam evaporation method, deposition with a resistance heating evaporation 
method and a sputtering method, or deposition with an electron beam evaporation 
method and a sputtering method. In addition, although a layer containing two kinds 
of materials are assumed in the above examples, the layer containing a plurality of 
materials can be similarly formed in the case of containing three or more kinds of 
materials, 

[0029] 

When the fourth layer 105 contains a hole-transporting material containing an 
inorganic compound, it is sufficient that the fourth layer 1.05 consists of or contains a 
p-type semiconductor such as vanadium oxide, chromium oxide, molybdenum oxide, 
cobalt oxide, or nickel oxide. 

[0030] 

The second electrode 106 is preferably formed with metal having high 
reflectivity. For example, aluminum (Al), silver (Ag), or an alloy containing Al or Ag 
such as an AlLi alloy or an MgAg alloy can be used. In addition, the second 
electrode 106 may be formed in a multilayer structure of reflective metal and another 
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electrode material such as a multilayer structure of calcium (Ca)/Ag, Ca/Al, Li/Ai, and 
the like. The electron injectability can be increased by forming a multilayer of 
reflective metal and a thin film (for example of approximately 5 nm thick) of alkali 
metal or alkali-earth metal 
[0031] 

According to the structure shown in this embodiment mode, the fourth layer 
105 is provided between the second electrode 106 and the third layer 104, and the 
second electrode 106 including reflective metal and the third layer 104 including the 
transparent conductive film are not in direct contact. Therefore, electric erosion due 
to the difference in the self-potential can be prevented. That is to say, the reaction of 
the metal and the transparent conductive film can be prevented. 

[0032] 

Not only the third layer 104 including the transparent conductive film but also 
the fourth layer 105 can have any thickness. Therefore, the degree of freedom to 
optimize the optical length L to the reflective metal from the first layer 102 containing 
a light-emitting material increases further. For this reason, the optical length can be 
optimized more easily so as to increase the external quantum efficiency or to increase 
the color purity of the emission light. 

[0033] 

Since the first layer 102, the second layer 103, the third layer 104, the fourth 
layer 105, and the second electrode 106 are stacked, holes and electrons can be 
generated from the third layer. Since the second layer 103 contains a material having 
a donor level for generating electrons, the electrons generated from the third layer 104 
has the small barrier for electrons to move from the third layer 104 to the second layer 
103, Therefore, the electrons are easily moved to the second layer 103 and 
recombined with the holes injected from the first electrode in the first layer 102, 
thereby emitting light. On the other hand, the holes generated from the third layer 
104 including the transparent conductive film has the small barrier for holes to move 
from the third layer 104 to the fourth layer .105 containing the hole-transporting 
medium; therefore, the holes are easily moved to the fourth layer and transported to the 
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second electrode 1 06. 
[0034] 

That is to say, hi the structure according to the invention, the substantial 
moving distance of the electrons can be shortened, which enables the drive voltage to 
decrease. Therefore, when the optical length is optimized to increase the external 
quantum efficiency or the color purity and the distance to the reflective metal from the 
layer containing the light-emitting material is set to a certain distance, the substantial 
moving distance of the electrons can be shortened by employing the present invention, 
which enables the drive voltage to decrease. 

[0035] 

In addition, even in the case of extending the distance to the metal from the 
layer containing the light- emitting material and increasing the film thickness in order 
to optimize the optical length, the increase in the drive voltage can be suppressed. 

[0036] 

The contact resistance between the second layer 103 and the fourth layer 105 
can be reduced by stacking the second layer 103 and the fourth layer 105 with the third 
layer 104 sandwiched therebetween. This makes it possible to further decrease the 
drive voltage. Since the third layer 104 is sandwiched therebetween, each of the 
materials for the second layer 103 and the fourth layer 105 can be selected from a 
wider range, 

[0037] 

The contact resistance between the second layer 103 and the third layer 104 
and the contact resistance between the third layer 104 and the fourth layer 105 are 
preferably low. 
[Embodiment 1] 

This embodiment explains a structure of a light-emitting element according to 
the present invention with reference to FIG. 3. 
[0039] 

First, a first electrode 301 of a light-emitting element is formed over a 
substrate 300. Specifically, the first electrode 301 is formed with ITO, a transparent 
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conductive film, in 110 nm thick by a sputtering method. The first electrode 301 has 
a length of 2 mm on a side. 
[0040] 

Next, a first layer 302 containing a light-emitting material is formed over the 
first electrode 30 L The first layer 302 containing a light-emitting material in this 
embodiment has a multilayer structure including three layers 311, 312, and 313. 

[0041] 

The substrate with the first electrode 301 formed thereover is fixed onto a 
substrate holder in a vacuum evaporation apparatus in such a way that the surface of 
the substrate with the first electrode 301 formed faces downward, and copper 
phthalocyanine (hereinafter referred to as Cu-Pc) is introduced into an evaporation 
source equipped inside the vacuum evaporation apparatus. Then, a hole-injecting 
layer 311 containing a hole-injecting material is formed in 20 nm thick by an 
evaporation method using a resistance heating method. A known hole-injecting 
material can be used as the material for the hole-injecting layer 311. 

[0042] 

Next, a hole- transporting layer 312 is formed with a material superior in hole 
transportability. A known hole-transporting material can be used as the material for 
the hole-transporting layer 312. In this embodiment, cx-NPD is formed in 40 nm 
thick by the same method, 

[0043] 

Then, a light-emitting layer 313 is formed. A known light- emitting material 
can be used as the material for the light-emitting layer 313. In this embodiment, Alq 3 
is formed in 40 nm thick by the same method. 

[0044] 

In this manner, the three layers 311, 312, and 313 are stacked. Next, a 
second layer 303 is formed. In this embodiment, the second layer 303 is formed in 30 
nm thick by a co-evaporation method by resistance heating in such a way that Afq^ is 
used as an electron-transporting material (host material) and Mg is used as an 
electron-supplying material (guest material) to Alq3. The proportion of the guest 
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material is set 1 mass%. 
[0045] 

Subsequently, a third layer 304 is formed. In this embodiment, ITO is used 
to form a transparent conductive layer in 140 nm thick. 
[0046] 

Next, a fourth layer 305 is formed. In this embodiment, the fourth layer 305 
is formed in 150 nm thick by a co-evaporation method by resistance heating in such a 
way that a-NPD is used as a hole-transporting material (host material) and 
molybdenum oxide is used as an electron-receiving material (guest material) to a-NPD. 
The proportion of the guest material is set 25 mass%, 

[0047] ■ • 

Then, a second electrode 306 is formed by a sputtering method or an 
evaporation method. In this embodiment, the second electrode 306 is obtained by 
forming aluminum in 150 nm thick over the fourth layer 305 by an evaporation 
method. 

[0048] 

Through the above steps, a light-emitting element of the invention is formed. 
In the structure shown in this embodiment, light can be emitted by applying higher 
potential to the first electrode 101 than that of the second electrode 106 and light 
generated by the recombination of the carriers in the first layer containing a 
light-emitting material is emitted from the first electrode 301 to the outside. 

[0049] 

In the structure shown in this embodiment, the fourth layer is provided 
between ITO serving as the third layer and aluminum serving as the second electrode; 
therefore, the ITO and the aluminum are not in direct contact. This can prevent the 
electric erosion due to the difference in the self-potential between ITO and aluminum. 

[0050] 

In addition, since the thicknesses of the third layer and the fourth layer can be 
set freely, the optical length from the first layer to the second electrode formed with 
the reflective metal can be optimized more easily. 
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[0051] 

Moreover, since the carriers can be generated from the third layer, the moving 
distance of the electrons is shorter than that in the element having a conventional 
structure. Therefore, the drive voltage can be decreased, 
[Embodiment 2] 

[0052] 

This embodiment explains a structure of a light-emitting element according to 
the present invention with reference to FIG 4. 
[0053] 

Since a substrate 400, a first electrode 401, a first layer 402, a second layer 
403, a third layer 404, and a second electrode 405 can be formed with the same 
material and in the same way as those in Embodiment Mode 1, the explanation is 
omitted. Even in this structure, light is emitted by applying higher potential to the 
first electrode 101 than that of the second electrode 106, 

[0054] 

In addition, FIG. 4 has a structure including the second electrode 405 formed 
over the substrate 400, the third layer 404 formed over the second electrode 405, the 
first layer 402 formed over the second layer 403, the first electrode 401 formed over 
the first layer 402. 

[0055] 

In the structure shown in this embodiment, light generated by the 
recombination of the carriers in the first layer containing a light- emitting material is 
emitted from the first electrode 401 to the outside. 

[0056] 

Even in this structure shown in this embodiment, the same effect as that 
obtained by the structure shown in Embodiment 1 can be obtained. Specifically, 
since the fourth layer is provided between the third layer and the second electrode, the 
electric erosion due to the difference in the self-potential can be prevented. In 
addition, since the film thicknesses of the third layer and the fourth layer can be set 
freely, the optical length from the first layer to the second electrode formed with 
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reflective metal can be optimized more easily. Moreover, the moving distance of the 
electrons is shorter than that in the element having a conventional structure because the 
carrier can be generated from the third layer; therefore, the drive voltage can be 
decreased. 
[Embodiment 3] 
[0057] 

This embodiment explains a light-emitting device having a light-emitting 
element according to the present invention in its pixel portion with reference to FIGS. 
5. FIG 5A is a top view showing the light-emitting device, and FIG 5B is a 
cross-sectional view taken along A- A' in FIG 5 A. Reference numeral 501 shown 
with a dotted line denotes a driver circuit portion (source driver circuit); 502, a pixel 
portion; 503, a driver circuit portion (gate driver circuit); 504, a seal substrate; 505, a 
sealant; and 507, a space surrounded by the sealant 505, 

[0058] 

A lead wiring 508 denotes a wiring for transmitting signals to be inputted into 
the source driver circuit 501 and the gate driver circuit 503, which receives signals 
such as a video signal, a clock signal, a start signal, and a reset signal from an FPC 
(flexible-printed circuit) 509 serving as an external input terminal. Although only the 
FPC is shown here, a print wiring board (PWB) may be attached to this FPC and the 
light-emitting device in this specification may include not only the light-emitting 
device itself but also the light-emitting device with the FPC or the PWB attached 
thereto. 

[0059] 

Next, the cross-sectional structure is explained with reference to FIG 5B. 
The driver circuit portion and the pixel portion are formed over a substrate 510. In 
this embodiment, the source driver circuit 501, which is the driver circuit portion, and 
the pixel portion 502 are shown. 

[0060] 

In the source driver circuit 501, a CMOS circuit in which an n-channel TFT 
523 and a p-channel TFT 524 are combined is formed. In addition, a TFT for 
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forming the driver circuit may be formed with a known CMOS circuit, PMOS circuit, 
or NMOS circuit. Although this embodiment shows a driver integrated type in which 
a driver circuit is formed over the same substrate, but not exclusively, the driver circuit 
can be formed outside the substrate. 
[0061] 

The pixel portion 502 is formed with a plurality of pixels including a 
switching TFT 511, a current control TFT 512, and a first electrode 513 connected 
electrically with the drain of the current control TFT. An insulator 514 is formed so 
as to cover the end portion of the first electrode 513. Here, a positive photosensitive 
acrylic resin film is used as the insulator 514, 

[0062] 

In order to improve the coverage, the insulator 514 is formed so as to have 
curvature at its upper end or lower end. For example, in the case of using positive 
photosensitive acrylic for the insulator 514, only the upper end portion of the insulator 
514 preferably has a radius of curvature of 0.2 pm to 3 \xm. The insulator 514 may 
be formed with either a negative type, which becomes insoluble to the etchant by the 
irradiation of light, or a positive type, which becomes soluble to the etchant by the 
irradiation of light. Not only the organic compound but also an inorganic compound 
such as silicon oxide, silicon oxynitride, and a siloxane-based can be used, 

[0063] 

An electroluminescence layer 516 including first to fourth layers, and a 
second electrode 517 are each formed over the first electrode 513. The first electrode 
(anode) 513 is preferably formed with a light-transmitting material such as indium tin 
oxide (ITO), indium tin oxide containing silicon oxide (ITSO), zinc oxide (ZnO), 
indium oxide containing zinc oxide by 2% to 20% (IZO), zinc oxide containing 
gallium (GZO), tin oxide (SnC>2), or indium oxide (^03), 

[0064] 

The first to fourth layers of the electroluminescence layer 516 are each formed 
by resistance heating, an evaporation method by an electron beam both using an 
evaporation mask, or an ink-jet method. The first to fourth layers of the 



electroluminescence layer 516 include a first layer containing a light-emitting material, 
a second layer, a third layer including a transparent conductive film, and a fourth layer, 
in which the first layer, the second layer, the third layer, and the fourth layer are 
stacked sequentially from the first electrode toward the second electrode, and the 
fourth layer is formed so as to be in contact with the second electrode. As the 
material for the layer containing the light-emitting material, an organic compound is 
generally used in a single-layer, multilayer, or a mixed-layer structure. However, in 
the invention, an inorganic compound may also be used as a part of a film containing 
the organic compound. In this case, deposition by a sputtering method may be 
employed. 

[0065] • 

A layer containing a plurality of materials can be formed by depositing each 
material simultaneously. The layer containing a plurality of materials is desirably 
formed by combining the same kinds of methods or the different kinds of methods 
such as a co-evaporation method with resistance heating evaporation methods, a 
co-evaporation method with electron beam evaporation methods, a co-evaporation 
method with a resistance heating evaporation method and an electron beam 
evaporation method, deposition with a resistance heating evaporation method and a 
sputtering method, or deposition with an electron beam evaporation method and a 
sputtering method. In addition, although a layer containing two kinds of materials are 
assumed in the above examples, the layer containing a plurality of materials can be 
similarly formed in the case of containing three or more kinds of materials. 

[0066] 

Metal having high reflectivity is preferable as the material for the second 
electrode 517 (cathode) formed over the electroluminescence layer 516. For example, 
aluminum (Al), silver (Ag), or alloy containing Al or Ag such as an AlLi alloy or an 
MgAg alloy can be used. 

[0067] 

Further, a light-emitting element 518 is provided within the space 507 
surrounded with the element formed substrate 510, the sealing substrate 504, and the 



23 



sealant 505 by attaching the sealing substrate 504 to the element formed substrate 510 
with the sealant 505. The space 507 is filled with a filling material, for example, inert 
gas such as nitrogen or argon, or the sealant 505. 
[0068] 

An epoxy-based resin and the like are preferably used for the sealant 505. It 
is desirable that oxygen or moisture does not permeate these materials as much as 
possible. As the material for the sealing substrate 504, a plastic substrate made of 
FRP (Fiberglass-Reinforced Plastics), PVF (polyvinyl fluoride), Mylar, polyester, 
acrylic, or the like as well as a glass substrate or a quartz substrate can be used. 

[0069] 

As thus described, a light-emitting device having a light-emitting element 
according to the invention can be obtained, 
[0070] 

This embodiment can be arbitrarily combined with other embodiment mode 
and embodiments, 
[Embodiment 4] 

[0071] 

This embodiment explains a structure of the above layer containing a 
light-emitting material in detail. 
[0072] 

The layer containing a light-emitting material is formed from a 
chaxge-injecting-transporting material and a light-emitting material containing an 
organic compound or an inorganic compound. The layer containing a light-emitting 
material includes one or a plurality of layers of a low molecular weight organic 
compound, a middle molecular weight organic compound (an organic compound 
which does not possess ability to sublimate, has molecularity of 20 or less, and has a 
molecular chain length of 10 p.m or less), and a high molecular weight organic 
compound. Alternatively, an inorganic compound having electron-injecting 
transportability or hole-injecting transportability may also be combined. 
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[0073] 

The following metal complex or the like having a quinoline skeleton or a 
benzoquinoline skeleton can be given particularly as an example of the material having 
high electron transportability among the charge-injecting-transporting material: 
tris(8~quinolinolato)aluminum (abbreviated to Aiq 3 ), 

tris(4-methyl-8-quinolinolato)aluminum (abbreviated to Almq 3 ), 

bis(l 0-hydroxybenzo[h]"quinoIinato)beryllium (abbreviated to BeBq 2 ), 
bis(2-methyl-8-quinolinolato)-4-phenylphenolato-aluminum (abbreviated to BAlq) or 
the like. In addition, the following material having an aromatic-amine skeleton (that 
is, a material having a benzene ring-nitrogen bond) can be given as an example of the 
material having high hole transportability;- 

4,4^bis[N-(3~naphthyl)-N"phenyl»amino]-biphenyl (abbreviated to a-NPD) ? 
4 ! 4 , "-bis[N-(3-methylphenyi)-N-phenyl-amino]biphenyl (abbreviated to TPD% 
4 s 4\4 ,? -tris(N 5 N~diphenyl-amino>triphenylamine (abbreviated to TDATA), 
4 5 4 ? ? 4 ?s 4ris[N-(3-methylphenyl)-N-phenyl"amino]-triphenylamine (abbreviated to 
MTDATA), or the like, 

[0074] 

Moreover, a compound of alkaline metal or alkaline earth metal such as 
lithium fluoride (LiF), cesium fluoride (CsF), or calcium fluoride (CaF 2 ) can be given 
particularly as an example of the material having high electron injectability among the 
charge-injecting-transporting material Additionally, a mixture of a substance having 
high electron transportability such as Alq 3 and an alkaline earth metal such as 
magnesium (Mg) may also be applied. 

[0075] 

The following metal oxide can be given as an example of the material having 
high hole injectability among the charge- inject ing-transporting material: molybdenum 
oxide (MoO x )> vanadium oxide (VO x ) 5 ruthenium oxide (RuO x ), tungsten oxide (WO x ), 
manganese oxide (MnO x ) 5 or the like. Additionally, a phthalocyanine-based 
compound such as phthalocyanine (abbreviated to H2PC) or copper phthalocyanine 
(CuPc) can be given as an example. 
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[0076] 

A light-emitting layer may have a structure performing a color display by 
forming a light-emitting layer having different emission wavelength ranges in each 
pixel. Typically, a light- emitting layer corresponding to each color of R (red), G 
(green) and B (blue) is formed. In this case, color purity can also be improved and a 
mirror surface of a pixel portion can be prevented by having a structure provided with 
a filter (colored layer) in which light in the emission wavelength range is transmitted 
on the side where light from a pixel is emitted. It is possible to skip providing a 
circular polarizing plate or the like which is conventionally necessary by providing the 
filter (colored layer), and this can prevent loss of light emitted from the light-emitting 
layer. Further, there can be less variation of color tone generated in the case of 
obliquely seeing the pixel portion (a display screen). 

[0077] 

There are light-emitting materials which form the light-emitting layer. The 
following can be used as a low molecular weight organic light-emitting material: 
4~dicyanomethylene-2-me%l-6-p^ 

ran (abbreviated to DCJT), 

4-dicyanomelhy^^ 

an > periflanthen, 
2,5-dicyano-l,4-bis[2-(^ 

N,NMimethylquinacridon (abbreviated to DMQd), coumarin6 ? coumarin545T 5 
tris(8-qumolinolato)aiuminum (abbreviated to Alq 3 )> 9 ? 9'-bianthryl, 
9, 1 0-dipheny lanthracene (abbreviated as DPA), 9 5 1 0-bis(2-naphthyl)anthracene 
(abbreviated to DNA), or the like. Alternatively, another material may also be used. 
[0078] 

On the other hand, a high molecular weight organic light-emitting material 
has higher physical strength and higher durability of an element compared with the 
low molecular weight organic light emitting material In addition, since the 
film-forming by coating is possible, manufacturing the element is comparatively easy. 
The structure of a light-emitting element using the high molecular weight organic 
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Sight-emitting material is basically the same as in the case of using the low molecular 
weight organic light-emitting material, and is a cathode/an organic light-emitting layer/ 
an anode. However, in forming a light-emitting layer using the high molecular 
weight organic light-emitting material, it is difficult to form a multilayer structure as in 
the case of using the low molecular weight organic light-emitting material; thus, a 
two-layer structure is formed in many cases. Specifically, a structure with a 
cathode/a light-emitting layer/a hole-transporting layer/an anode is employed. 
[0079] 

Since luminescence color depends on materials which form a light-emitting 
layer, a light-emitting element that shows a desired luminescence by selecting these 
materials can be formed, Polyparaphenylenevinylene-based, 
polyparaphenylene-based, polythiophene-based and polyfluorene-based light-emitting 
materials are given as an example of a high molecular weight electroluminescence 
material which can be used to form a light-emitting layer. 

[0080] 

The following can be given as an example of the polyparaphenylene vinylene 
based light-emitting material: a derivative of poly(paraphenylenevinylene) [PPV], 
poly(2,5-dialkoxy- 1 ,4-phenylenevinylene) [RO-PPV] , 

poly(2-(2 , -ethyI-hexoxy)-5-methoxy-l,4-phenylenevinylene) [MEH-PPV], 
po!y(2-(diaIkoxyphenyl)-l,4-phenylenevinylene) [ROPh-PPV], or the like. The 
following can be given as an example of the polyparaphenylene based light-emitting 
material: a derivative of polyparaphenylene [PPP], poly(2,5-dialkoxy-l,4-phenylene) 
[ROPPP], poly(2,S-dihexoxy-l,4-phenylene), or the like. The following can be 
given as an example of the polythiophene based light-emitting material: a derivative of 
polythiophene [PT], poly(3-alkyIthiophene) [PAT], poly(3»hexylthiophene) [PHT], 
poly(3-cyclohexylthiophene) [PCHT], poly(3-cyclohexyl-4~methylthiophene) 
[PCHMT], poly(3,4-dicyclohexylthiophene) [PDCHT], 

poly[3-(4-octylphenyl)-thiophene] [POPT], poly[3-(4-octylphenyl)-2,2bithiophene] 
[PTOPT], or the like. The following can be given as an example of the polyfluorene 
based light-emitting material: a derivative of polyfluorene [PF], 
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poly(9,9-dialkylfluorene) [PDAF], poly(9,9-dioctytfluorene) [PDOF], or the like. 
[0081] 

Note that the hole injectability from an anode can be enhanced when a high 
molecular weight organic light-emitting material having hole transportability is 
sandwiched between an anode and a high molecular organic light-emitting material 
having light-emitting properties. Generally, a high molecular weight organic 
light-emitting material is coated with a solution in which an acceptor material is 
dissolved in water by a spin-coating method or the like. In addition, since the 
acceptor material is insoluble in an organic solvent, the organic light-emitting material 
having light-emitting properties mentioned above can be stacked therewith. A 
mixture of PEDOT and camphor sulfonic acid (CSA) as an acceptor material, a 
mixture of polyaniline [PANI] and poly sty renesulphonic [PSS] as an acceptor material 
or the like can be given as an example of the high molecular weight organic 
light-emitting material having hole transportability, 

[0082] 

In addition, a light-emitting layer can have a structure emitting 
monochromatic or white light emission. The case of using a white light-emitting 
material enables a color display by constituting a structure provided with a filter (a 
colored layer) transmitting light having a particular wavelength on the side where light 
from a pixel is emitted. 

[0083] 

In order to form a light-emitting layer having white light emission, for 
example, Alq 3 , Alq 3 partially doped with Nile Red, which is a red light emitting 
pigment, Alq 3 , p-EtTAZ ? and TPD (aromatic diamine) are stacked sequentially by an 
evaporation method, thereby being able to obtain white light emission. In addition, in 
the case of forming an EL by a coating method using spin coating, the EL layer is 
preferably baked by vacuum heating after the coating. For example, an entire surface 
may be coated with a poly (ethylenedioxythiophene)/poly (styrenesulfonic acid) 
solution (PEDOT/PSS) and baked in order to form a film that serves as a hole- injecting 
layer. Thereafter, the entire surface may be coated with a polyvinyl carbazole (PVK) 
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solution doped with luminescent center pigment (such as 
1 , 1 ,4,4-tetraphenyl- 1 ,3-butadiene (TPB), 
4'dicyanomethylene~2»methyl-6-(p-dimethylamino-s1yryl)~4H-pyran (DCM1), Nile 
red, or coumarin 6) and baked in order to form a film that serves as a light emitting 
layer. 

[0084] 

A light-emitting layer can be formed in a single layer, and a 1,3,4-oxadiazole 
derivative (PBD) having electron transportability may be dispersed in polyvinyl 
carbazole (PVK) having hole transportability. In addition, white light emission can 
be obtained by dispersing PBD by 30 wt% as an electron-transporting agent and 
dispersing appropriated doses of four kinds of dyes (TPB, coumarin6, DCM1 and Nile 
Red). In addition to the light-emitting element with which white light emission is 
obtained, as shown here, a light-emitting element that can obtain red light emission, 
green light emission, or blue light emission can be manufactured by selecting the 
materials of the light-emitting layer appropriately 

[0085] 

Note that the hole injectability from an anode can be enhanced when a high 
molecular weight organic light-emitting material having hole transportability is 
sandwiched between an anode and a high molecular organic light-emitting material 
having light-emitting properties. Generally a high molecular weight organic 
light-emitting material is coated with a solution in which an acceptor material is 
dissolved in water by a spin-coating method or the like. In addition, since the 
acceptor material is insoluble in an organic solvent, the organic light-emitting material 
having light-emitting properties mentioned above can be stacked therewith. A 
mixture of PEDOT and camphor sulfonic acid (CSA) as an acceptor material, a 
mixture of polyaniline [PANI] and polystyrenesulphonic [PSS] as an acceptor material 
or the like can be given as an example of the high molecular weight organic 
light-emitting material having hole transportability. 

[0086] 

Further, a triplet excited light-emitting material including a metal complex or 



29 



the like may be used for the light-emitting layer in addition to a singiet excited 
light-emitting material. For example, among a pixel having red light-emitting 
properties, a pixel having green light-emitting properties and a pixel having blue 
light-emitting properties, the pixel having red light-emitting properties with 
comparatively short half reduced luminescence time is formed from a triplet excited 
light-emitting material, and other pixels are formed from a singlet excited 
light-emitting material. Since the triplet excited light-emitting material has 
preferable luminous efficiency, there is a feature that less power consumption is 
required to obtain the same luminance. In other words, in the case of applying the 
triplet excited light-emitting material to the red pixel, a few amount of current flown to 
a light-emitting element is required; therefore, the reliability can be enhanced. The 
pixel having red light-emitting properties and the pixel having green light-emitting 
properties may be formed from a triplet excited light-emitting material, and the pixel 
having blue light-emitting properties may be formed from a singlet excited 
light-emitting material to reduce the power consumption. Further low power 
consumption can be realized by also forming the green light-emitting element, which 
has high human spectral luminous efficacy, from a triplet excited light-emitting 
material 

[0087] 

A metal complex used as a dopant, a metal complex in which platinum, which 
is a third transition series element, serves as a center metal, a metal complex in which 
iridium serves as & center metal, or the like is known as an example of a triplet excited 
light-emitting material. The triplet excited light-emitting material is not limited to 
these compounds and it is also possible to use a compound having the above structure 
and having an element belonging to Groups 8 to 10 of a periodic table for a center 
metal 

[0088] 

The substances mentioned above that forms the light-emitting layer are just an 
example, and a light-emitting element can be formed by stacking appropriately each 
functional layer such as a hole-injecting-transporting layer, a hole-transporting layer, 
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an electron-injecting-transporting layer, an electron-transporting layer, a light-emitting 
layer, an electron-blocking layer, or a hole-blocking layer Moreover, a mixed layer 
or mixed junction in which each of these layers is mixed may be formed. The layer 
structure of the light-emitting layer is changeable. Such modification as providing an 
electrode for the electron injection and providing a light-emitting material by being 
dispersed instead of the particular electron-injecting region and the light-emitting 
region is allowable within the scope of the invention. 
[0089] 

The light-emitting element formed by using the material mentioned above 
emits light by being biased in a forward direction. A pixel of a display device formed 
by using the light-emitting element can be driven by a simple matrix mode or an active 
matrix mode. In any event, each pixel is emitted by applying a forward bias thereto 
in specific timing; however, the pixel is in a non-luminescent state for a certain period. 
Reliability of a light-emitting element can be enhanced by applying bias in the 
opposite direction (a reverse bias) during this non-luminescent period. In a 
light-emitting element, there is a deterioration mode in which emission intensity is 
decreased under a certain driving condition or a deterioration mode in which 
luminance is apparently decreased due to the expansion of a non-luminescent region in 
the pixel. However, the progression of deterioration can be delayed by alternating 
current driving. Accordingly, reliability of a light emitting device can be enhanced. 

[0090] 

This embodiment can be arbitrarily combined with other embodiment mode 
and embodiments. 
[Embodiment 5] 

[0091] 

This embodiment explains a module installed with such a light-emitting 
device shown in Embodiment 3. 
[0092] 

In a module 999 of an information terminal shown in FIG. 7A, a controller 
901, a central processing unit (CPU) 902, a memory 91 1, a power supply circuit 903, 
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an audio processing circuit 929, and a transmitter/receiver circuit 904 as well as other 
elements such as a resistor, a buffer, and a capacitor element are mounted on a 
printed-wiring board 946. In addition, a display panel 900 including a light-emitting 
device is connected to the printed-wiring board 946 through a flexible-printed circuit 
(FPC) 908. 

[0093] 

The display panel 900 includes a pixel portion 905 where a light-emitting 
element is disposed in each pixel, a first scanning line driver circuit 906a and a second 
scanning line driver circuit 906b each for selecting a pixel included in the pixel portion 
905, and a signal line driver circuit 907 for supplying a video signal to the selected 
pixel- 

[0094] 

Various control signals are inputted and outputted through an interface (I/F) 
portion 909 provided for the printed-wiring board 946. In addition, the 
printed-wiring board 946 is provided with an antenna port 910 for 
transmitting/receiving signals to/from the antenna. 

[0095] 

Although the printed-wiring board 946 is connected to the display panel 900 
through the FPC 908 in this embodiment, the invention is not necessarily limited to 
this structure. The controller 901, the audio processing circuit 929, the memory 911, 
the CPU 902, or the power supply circuit 903 may be mounted directly on the display 
panel 900 by using a COG (Chip on Glass) method. In addition, the printed-wiring 
board 946 is provided with various elements such as a capacitor element or a buffer, 
which prevents noise from causing in the power supply voltage or signals, or the rise 
of the signal from becoming slow. 

[0096] 

FIG. 7B shows a block diagram of the module 999 shown in FIG. 7A. This 
module 999 includes a VRAM 932, a DRAM 925, a flash memory 926, and the like as 
the memory 911. Data of an image to be displayed in the panel are stored in the 
VRAM 932, image data or audio data are stored in the DRAM 925, and various 
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programs are stored in the flash memory 926. 
[0097] 

In the power supply circuit 903, power supply voltage for the display panel 
900, the controller 901, the CPU902, the audio processing circuit 929, the memory 911, 
and the transmitter/receiver circuit 93 1 is generated. In some cases, the power supply 
circuit 903 is provided with a current source depending on the panel specification. 

[0098] 

The CPU 902 includes a control signal generating circuit 920, a decoder 921, 
a register 922, an operation circuit 923, a RAM 924, an interface 935 for CPU, and the 
like. The various signals inputted into the CPU 902 through the interface 935 are 
once stored in the register 922, and then^ are inputted into the operation circuit 923, the 
decoder 921, and the like. In the operation circuit 923, an operation is performed 
based on the inputted signal, and a place to which various instructions are transmitted 
is designated. On the other hand, the signal inputted into the decoder 921 is decoded 
and is inputted into the control signal generating circuit 920. A signal including 
various instructions is generated in the control signal generating circuit 920 base on the 
inputted signal and is transmitted to the place designated by the operation circuit 923, 
specifically, to the memory 911, the transmitter/receiver circuit 931, the audio 
processing circuit 929, the controller 901, or the like. 

[0099] 

The memory 911, the transmitter/receiver circuit 931, the audio processing 
circuit 929, and the controller 901 each operate according to each of the received 
instructions. Each operation is briefly explained hereinafter. 

[0100] 

A signal inputted from an input means 933 is transmitted to the CPU 902 
which is mounted on the printed-wiring board 946 through the interface 909. In the 
control signal generating circuit 920, the image data stored in the VRAM 932 is 
converted to a predetermined format in accordance with the signal transmitted from the 
input means 933 such as a pointing device or a keyboard and is sent to the controller 
901. 
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[0101] 

A signal including the image data transmitted from the CPU 902 is 
data-processed in accordance with the panel specification in the controller 901 and is 
supplied to the display panel 900. In addition, a Hsync signal, a Vsync signal, a clock 
signal CLK, a volts alternating current (AC Cont), and a switching-over signal L/R are 
generated in the controller 901 in accordance with a power supply voltage inputted 
from the power supply circuit 903 or various signals inputted from the CPU 902 and 
are supplied to the display panel 900. 

[0102] 

In the transmitter/receiver circuit 904, a signal that is transmitted and received 
as an electric wave in an antenna 934 is processed, and specifically, a high frequency 
circuit such as an isolator, a band pass filter, a VCO (Voltage Controlled Oscillator), an 
LPF (Low Pass Filter), a coupler, and a baiun is included. A signal including audio 
information among the signals transmitted and received in the transmitter/receiver 
circuit 904 is transmitted to the audio processing circuit 929 by an instruction of the 
CPU 902. 

[0103] 

A signal including audio information transmitted by the instruction of the 
CPU 902 is demodulated into an audio signal in the audio processing circuit 929 and is 
transmitted to a speaker 928. An audio signal transmitted from a microphone 927 is 
modulated in the audio processing circuit 929. and is transmitted to the 
transmitter/receiver circuit 904 by the instruction of the CPU 902. 

[0104] 

The controller 901, the CPU 902, the power supply circuit 903, the audio 
processing circuit 929, and the memory 911 can be mounted as a package of this 
embodiment. This embodiment can be applied to anything but a high frequency 
circuit such as an isolator, a band pass filter, a VCO (Voltage Controlled Oscillator), an 
LPF (Low Pass Filter), a coupler, or a balua 

[0105] 

In the display panel 900, a transparent conductive film is not in direct contact 
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with a reflective electrode with optimization of the optical length in its light-emitting 
element. Therefore, the electric erosion of the transparent conductive film and the 
reflective electrode can be prevented Accordingly, in the module 999 equipped with 
this display panel 900, the deterioration due to the electric erosion can be decreased 
and display quality is improved as well Therefore, it is possible to provide a module 
having preferable display quality, high reliability, and long life time. 
[0106] 

This embodiment can be arbitrarily combined with other embodiment mode 
and embodiments. 
[Embodiment 6] 

[0107] 

FIG 8 shows one mode of an electronic device including the module 999 as 
shown in Embodiment 4. A display panel 900 is capable of being integrated with the 
module 999 easily by being incorporated into a housing 1001 in a free desorption 
manner. The shape or dimension of the housing 1001 can be changed arbitrarily 
according to the electronic device in which the housing 1001 is incorporated. 

[0108] 

The housing 1001 that fixed the display panel 900 is inserted in a 
printed-wiring board 946 and is built up as a module. A controller, a CPU, a memory, 
and a power supply circuit as well as other elements such as a resistor, a buffer, and a 
capacitor element are mounted on the printed-wiring board 946. Further, an audio 
processing circuit, a transmitter/receiver circuit, or the like may be mounted depending 
on the purpose. The display panel 900 is connected to the printed-wiring board 946 
through an FPC 908. 

[0109] 

Such module 999, an input means 998, and a battery 997 are held in casings 
996. A pixel portion of the display panel 900 is disposed so that it is visible from an 
opening window formed in the casing 996. 

[0110] 

In the display panel 900, a transparent conductive film is not in direct contact 
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with a reflective electrode with optimization of the optical length in its light-emitting 
element. Therefore, the electric erosion of the transparent conductive film and the 
reflective electrode can be prevented. Accordingly, in the module 999 equipped with 
this display panel 900, the deterioration due to the electric erosion cm be decreased 
and display quality is improved as well Therefore, it is possible to provide a cellular 
phone having preferable display quality, high reliability, and long life time. 
[Embodiment 7] 
[0111] 

This embodiment explains a mode of an electronic device on which the 
module as shown in Embodiment 4 is mounted, which is different from that shown in 
Embodiments. 

[0112] 

Electronic devices manufactured using light-emitting devices having 
light-emitting elements according to the present invention include a camera such as a 
video camera or a digital camera, a goggle type display (head mounted display), a 
navigation system, an audio reproducing device (such as a car audio or an audio 
component), a personal computer, a game machine, a portable information terminal (a 
mobile computer, a cellular phone, a portable game machine, an electronic book, or the 
like), an image reproducing device provided with a recording medium (specifically a 
device capable of playing a recording medium such as a Digital Versatile Disc (DVD) 
and that has a display device capable of displaying the image), or the like. These 
electronic devices are specifically shown in FIGS. 6A to 6E. 

[0113] 

FIG 6A is a television receiver, which includes a casing 9101, a supporting 
stand 9102, a display portion 9103, speaker portions 9104, a video input terminal 9105, 
and the like. The television receiver is manufactured by using the light-emitting 
device having a light-emitting element of the present invention for its display portion 
9103. A reflective metal and a transparent conductive film are not in direct contact 
with optimization of the optical length in the light-emitting element of the display 
portion 9103. Therefore, the electric erosion due to the difference in the 
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self-potentials can be prevented; thus, the reliability of the television receiver is 
improved. Note that the television receiver includes all the information display 
devices for a computer, TV broadcast reception, advertisement display, and the like. 
[0114] 

FIG 6B is a personal computer, which includes a main body 9201, a casing 
9202, a display portion 9203, a keyboard 9204, an external connection port 9205, a 
pointing mouse 9206, and the like. The personal computer is manufactured by using 
the light-emitting device having a light-emitting element of the invention for its 
display portion 9203, A reflective metal and a transparent conductive film are not in 
direct contact with optimization of the optical length in the light-emitting element of 
the display portion 9203. Therefore, the electric erosion due to the difference in the 
self-potentials can be prevented; thus, the reliability of the personal computer is 
improved, 

[0115] 

FIG 6C is a goggle-type display, which includes a main body 9301, display 
portions 9302, arm portions 9303, and the like. The goggle-type display is 
manufactured by using the light-emitting device having a light-emitting element of the 
invention for its display portion 9302. A reflective metal and a transparent 
conductive film are not in direct contact with optimization of the optical length in the 
light- emitting element of the display portion 9302 Therefore, the electric erosion due 
to the difference in the self-potentials can be prevented; thus, the reliability of the 
goggle-type display is improved. 

[0116] 

FIG 6D is a cellular phone, which includes a main body 9401, a casing 9402, 
a display portion 9403, an audio input portion 9404, an audio output portion 9405, 
operation keys 9406, an external connection port 9407, an antenna 9408, and the like. 
The cellular phone is manufactured by using the light-emitting device having a 
light-emitting element of the invention for its display portion 9403. A reflective 
metal and a transparent conductive film are not in direct contact with optimization of 
the optical length in the light-emitting element of the display portion 9403, Therefore, 
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the electric erosion due to the difference in the self-potentials can be prevented; thus, 
the reliability of the cellular phone is improved. Note that the power consumption of 
the cellular phone can be suppressed by displaying white letters on a black background 
of the display portion 9403. 

[0117] 

FIG 6E is a video camera, which includes a main body 9501 ? a display 
portion 9502, a casing 9503, an external connection port 9504, a remote control 
receiving portion 9505, an image receiving portion 9506, a battery 9507, an audio 
input portion 9508, operation keys 9509, an eyepiece portion 9510, and the like. The 
video camera is manufactured by using the light-emitting device having a 
light-emitting element of the invention for its display portion 9502, A reflective 
metal and a transparent conductive film are not in direct contact with optimization of 
the optical length in the light-emitting element of the display portion 9502. Therefore, 
the electric erosion due to the difference in the self-potentials can be prevented; thus, 
the reliability of the video camera is improved. 

[0118] 

As mentioned above, the light-emitting device having a light-emitting element 
according to the invention can be applied in an extremely wide range, and this 
light-emitting device can be applied to electronic devices of every field. By using the 
light-emitting element of the invention, the optical length to the reflective metal from 
the layer containing a light-emitting material can be optimized without increasing the 
drive voltage. 

[0119] 

This embodiment can be arbitrarily combined with other embodiment mode 
and embodiments. 
[Brief Description of Drawings] 

[0120] 

FIG 1 is a diagram explaining an element structure of a light-emitting element 
according to the present invention; 

FIG 2 is a diagram explaining an element structure of a conventional 



38 



light-emitting element; 

FIG, 3 is a diagram explaining an element structure of a light-emitting element 
according to the present invention; 

FIG 4 is a diagram explaining an element structure of a light-emitting element 
according to the present invention; 

FIGS, 5A and 5B are views each explaining a light-emitting device; 

FIGS. 6A to 6E are views each explaining an electronic device; 

FIGS. 7A and 7B are views each explaining a module mounted a 
light-emitting device; 

FIG 8 is a view explaining an electronic device; 
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[Name of Document] Drawings 

[Figure 1] 

[Figure 2] 

[Figure 3] 

[Figure 4] 

[Figure 5] 

[Figure 6] 

[Figure 7] 

[Figure 8] 

[Name of Document] Abstract 

[Abstract] 

[Objective] 

It is an object of the present invention to provide a light-emitting element 
having a layer containing a light-emitting material and a transparent conductive film 
between a pair of electrodes, in which electric erosion of the transparent conductive 
film and metal can be prevented, and also to provide a light-emitting device using the 
light-emitting element, 
[Means to Solve Problem] 

In the present invention, a first layer 102 containing a light-emitting material, 
a second layer 103 containing a material having a donor level, a third layer 104 
including a transparent conductive film, and a fourth layer 105 containing a 
hole-transporting medium are provided between an anode 101 and a cathode 106, in 
which the first layer 102 containing the light-emitting material, the second layer 103 
containing the material having the donor level, the third layer 104 including the 
transparent conductive film, the fourth layer 105 containing a hole-transporting 
medium, and the cathode 106 are provided sequentially, in which the cathode has a 
layer containing a metal 
[Selected Figure] Figure 1 



